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FOREWORD 

In its 1985 report to the International Joint Commission 
(IJC), the Great Lakes Water Quality Board recommended that 
the appropriate jurisdictions prepare and submit detailed 
Remedial Action Plans (RAPs) for the restoration of 
beneficial uses of 42 identified 'Areas of Concern' on the 
Great Lakes System. The Bay of Quinte is one of the IJC 
identified 'Areas of Concern'. 

The process of developing a RAP for the Bay of Quinte was 
initiated in 1986 with the formation of a Federal/Provincial 
Coordinating Committee to oversee preparation of the RAP. 

The Coordinating Committee in its "February 1987 Progress 
Report" defined excessive nutrient enrichment, persistent 
toxics and bacteriological contamination as the factors 
responsible for the impairment of Bay of Quinte beneficial 
uses. It also identified technical data gaps and a list of 
potential options which required study. 

This report is one of a series of follow-up technical 
reports. The distribution, species composition /community 
structure and biomass of submergent and emergent aquatic 
plants (macrophytes) , indirectly, influence phosphorus 
concentrations in the Bay of Quinte and, thus, impact on the 
nutrient enrichment level of the bay waters. Generally, 
macrophytes are important indicators of overall environmental 
and ecosystem quality. Lastly, this report provides a 
comparison and evaluation of two submergent macrophyte 
mapping methodologies — transect and Loran C. 

It should be noted that this report is only intended to serve 
as a background reference document. It provides useful 
information that will assist the Coordinating Cononittee and 
the public in evaluating the options and, ultimately, 
defining a remedial action plan for the bay. 

This information should not be screened in isolation of other 
technical data; rather, all the information and potential 
remedial options should be considered and integrated in an 
ecosystem context. 

The Bay of Quinte Remedial Action Plan, when completed, will 
contain a summary of this report outlining the general 
findings of the report. 

December, 1989 

Bay of Quinte RAP Coordinating Committee 



EXECUTIVE SUMMARY 



The point transect sampling methodology used by Crowder for 
measuring submerged aquatic plant growth was compared to the 
echosounder/Loran C methodology used by Limnos, in the Bay of Ouinte in 
1988 at five index stations. 

Big Bay North and Conway North sites were the only sites where the 
two methodologies produced similar results (PS>75%) by the Percent 
Similarity (PS) test. There was no similarity between results of the 
two methodologies by the Jaccard Coefficient of Community Similarity. 
This was a result of Crowder recording more species at each of the index 
transects . 

Parallel transects at 100 m and 500 m distant from each side of the 
index transect were sampled and compared for similarity. Only 38% of 
the parallel transects were similar to the index transect when analyzaed 
by the Jaccard Coefficient of Community Similarity. Confidence limits 
were not determined in this analysis, therefore reducing the confidence 
in the accuracy of the estimate. However, observations and data would 
tend to indicate that information obtained from a single transect may 
not be representative of the plant community in the environs of a single 
transect . 

An assessment of cost of the echosounder/Loran C methodology 
derived from the contract cost for this survey is provided. Based on 
field time per transect including skin diving for biomass and species 
composition collections, dewatering and weighing of samples, plant 
identification and recording, the average cost per transect was $115.00. 
This cost includes the cost of equipment used but not mobilization, 
travel time between transects, report writing or overheads. No direct 
cost comparison is made with the Crowder methodology though general 
observation on field time involved suggested that five transects at the 
same station could be accomplished by the Limnos crew in about 50% of 
the time required to accomplish one transect using the Crowder 
methodology. 

The Crowder methodology provides precise information on the species 
composition along a defined transect established by shore reference. 
The precision of sampling makes the methodology suitable for use as an 
index site from which changes over time at a reference location can be 
measured. The results may be of questionable value as a means of 
deriving a broad evaluation of changes to the aquatic plant community as 
observations and data on community composition and biomass can vary 
greatly among parallel transects 100 m and 500 m apart. 

The echosounder/Loran C methodology with quadrat collections was 
found to collect all the major plant species present, provide 
quantitative biomass data and a hard copy print of the plant growth 
profile along transects fixed by Loran C coordinates. The methodology 
may be replicated in future surveys to measure changes with time as the 
plant community responds to changes in-water quality. 

It is concluded that the two survey procedures serve somewhat 
different purposes with the Crowder methodology being the more precise 
particularly with respect to the documentation of minor plant species in 
the community. The echosounder/Loran C methodology while less efficient 
in species collection provides the means to monitor index stations and 
conduct rapid surveys of extensive water bodies at a practical cost. 
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1. TNTPODUCTION 

The abundance of submerged macrophytes in the Bay of Ouinte 
declined during the 1960's. Loss of plant growth was coincident with 
proaressive eutrophication of the Bay, typified by decreasing water 
clarity, elevated algal densities, and increased nutrient inputs. 
Phosphorus controls were initiated in the basin in the mid 1970 's to 
reduce nutrient inputs and to slow the rate of eutrophication. It was 
anticioated that improved water clarity and reduced algal concentrations 
would be achieved by reducing phosphorus loadings, with a subseauent 
improvement in growth conditions for submerged macrophytes. 

Aguatic plant studies were initiated in 1972 to monitor the long 
term response of the aquatic plant community in the Bay o^ Ouinte to 
reduced nutrient inputs Crowder and Bristow, 1986). The most recent 
survey was conducted in 1988 (Crowder and Cameron 1988). Macrophyte 
growth is normally monitored along five transects located at regular 
intervals throughout the Bay and into Lake Ontario. Transects were 
located at Trenton, Belleville, and Big Bay in the uoper Bay, and near 
Hay Bay and at Conway in the lower Bay (Figure 1). 

The method of study employed by Crowder is a modified form of point 
transect. Along each transect, species composition, species frequency 
and coverage are recorded. SCUBA divers follow a knotted rope along 
the bottom and record the number of stems, and species, of plants 
contacting the knots. The rope transect is aligned along compass 
bearings, beginning at the shore and continuing into deeper water until 
plant growth diminishes, normally as a result of increasing depth. 
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Figure 1. Location of Index Transects in the Bay of Ouinte 



Since 1972, little change in the status of the macrophyte community 
has been observed. In the same interval, little improvement in water 
clarity has been recorded, in spite of considerable effort to reduce 
nutrient availability. Milfoil ( Hyriophyllum spicatum ) has been 
replaced by tapegrass ( Vallisneria americana ) in 19R8 as the dominant 
species in the Bay. Aquatic planl-s are gener^^lly limited to depths less 
than 2 m in the upper Bay, and to less than 5 m at Conwav. Species 
diversity and cover has been relatively stable, however, low when 
compared to similar aquatic habitats in Ontario. Common submergent 
species include tapegrass, milfoil, water stargrass ( Heteranthera 
dubia), Canada waterweed ( Elodea canadensis ) , coontail ( Ceratophyl lum 
demersum ) , Najas sp., slender pondweed ( Potamoqeton pusillus ), and 
Richardson's pondweed ( Potamoqeton richardsoni i ) . 

Other researchers have employed alternative field methods to assess 
submerged aquatic plant growth (Maceina et al . 1984; Downing and 
Anderson 1985). Echosounders and Loran C navigation have been used 
successfully to record macrophyte growth and locational information, 
respectively, in Cook Pay, Lake Simcoe (Limnos 1985, 19fi8a) and Rice 
Lake in Ontario (Limnos 1988b). Use of echosounders and Loran C is a an 
effective method of delineating areas of aquatic plant growth, 
particulary in deep water, or waters of poor clarity. Additional, 
quantitative sampling of macrophytes is normally required to determine 
species diversity, species composition and biomass. 

During 1988, an aquatic plant survey utilizing ecbosounding/Loran C 
methodology was conducted in parallel with continuing survey work 



carried out hv Crowder. The echosounder/Loran C survey was carried out 
by Limnos along the transects established by Crowder to provide a 
comparison of results obtained by the conventional line - intercept 
method and the echosounder/Loran C method. Transects parallel to the 
established index transects were also surveyed to determine the 
homogeneity of plant Growth in each study area. 

1. 1 Objectives 

The objectives of the parallel aquatic plant survey, using the 
echosounder/Loran C methodology, were as follows: 

1) to compare, complement, and expand upon the the information 
provided by the conventional method of aquatic plant assessment 
with results obtained by an alternative method employing an 
echosounder and Loran C; 

2) to determine if the established transects provide representative 
information of aauatic plant growth in the near region of the 
transects; 

3) to provide biomass information along the original and parallel 
transects; 

4) to provide information on costs associated with conducting 
aquatic plant surveys using echosounder and Loran C methodology. 



2. METHODS 

2. 1 Use of Echosounders/Loran C Methodology to Record Submerged 
Macrophyte Growth . 

The aquatic plant survey was carried out between July 22 and August 
11, 1988 to coincide with the timing of the survey conducted by Crowder, 
and the period of maximum aquatic plant growth. Index transects and 
additional, parallel transects were surveyed using an established 
technique employing echosounders and Loran C navigational eauipment 
(Limnos 1985, 1988a, 1988b, 1988c). A Raytheon DF-719C Recording 
Fathometer was used for all echosounding work. The echosounder recorded 
water depth and the presence, absence, density and height of submerged 
aquatic plant growth on hard copy echotracings . A 6 m long work barqe 
equipped with the echosounder, Loran C (Raytheon Raynav 550 navigation 
unit) and necessary equipment was utilized for all field work. 

Prior to beginnina the survey the starting points and compass 
bearings of the original five transects were obtained from Crowder 
(pers. comm.) and then marked on 1:10,000 Ontario Base maps. 
Additional parallel transects were also marked, at scaled distances of 
100 and 500 m to each side of the index transects, onto the 
base maps. The additional transects were surveyed to determine whether 
the index transects provided representative information on submerged 
macrophyte growth in each study area. 

In the field, the starting points of the survey transects were 
located by reference to landmarks shown on the base maps and by 
site specific information provided by Crowder (pers. comm.). The 
direction the transect followed determined using a handheld 



conpasp. Transects began as close to shore as possible (depth nornally 
less than 0.5 rr») and proceeded into deeper water. Transects were 
discontinued approximately 30 m beyond the point where plant qrowth was 
no longer recorded by the echosounder. At locations where water depth 
precluded plant growth and no nlant arowth was recorded by the 
echosounder, a minimum transect length of 50 m was adopted. Transect 
sampling was initiated from each opposing shoreline. 

The Loran C coordinates (time delays) and latitude and longitude 
coordinates were recorded at the beginning and end points of each 
transect. Loran C coordinates for intermediate points along each 
transect were also recorded, and where nlant qrowth began or ended. 
Coordinates were entered directly onto the naner echotracings oroduced 
by the Raytheon Fathometer and in a field note book. In all instances, 
the Northeast U.S. Loran C Chain (Chain 9960), and the W and Z 
secondary signals, were used to record location information. 



2. 2 Transect Sampling to Determine Species Composition and Pelative 
Abundance, Diversity and Biomass. 



Sampling was conducted at points located along transects where 
plant growth occurred. Plant samples were collected to provide 
information on species frequency, relative abundance and biomass. 
Anchored bouys were used to mark biomass sampling locations. In cases 
where no growth was recorded by the echosounder, no attempt was made to 
sample plant growth, and was assumed to be insignificant. 

A minimum of three sampling locations were established along the 



transect. Three plant samples were collected from each location by a 

skin diver. All plant material above the sediment within a randomly 

2 
placed, quadrat (0.25n ) was retrieved. Plants from each ouadrat were 

retained and labelled for subsequent species identification and stem 

counts. The water depth, Loran C units and latitude and longitude 

coordinates were recorded for each sampling location. Secchi depth was 

measured at representative locations at each study area. The ^resh 

(wet) biomass of each sample was determined. Each sample was 

centrifugally dewatered using a hand operated salad spinner prior to 

weighing to remove surficial water (Limnos 19P7). Representative 

biomass samples were air dried for determination of dry mass. Figure 7 

demonstrates the sampling methodology used by Limnos. 

Sampling was also conducted for Potamogetoji crispus turions. An 
Ekman dredge was used to sample sediments which were felt to be suitable 
for P_^ crispus growth. Pj_ crispus is a submerged macrophyte that 
reaches maturity in late spring and is known to grow under conditions of 
poor light availability (Tobiessen and Snow 1984; Rogers and Breen 
1980). A previous study conducted by Limnos (1988) indicated that 
turion abundance in the sediments may be indicative of Pj_ crispus 
biomass in the immediate area. The presence of turions in the sediments 
may therefore demonstrate whether P^ crispus is able to become 
established in the poor light availability conditions of the upper bav. 

Sampling for turions occurred at sites where the bottom sediment 
was an organic silt in an area of gently increasinq water depth. At 
each location three replicate Ekman grabs were taken and the sample 
sorted for turions. 




Plate A 

Echosounder/Loran C 
survey transect at 
Hay Bay. Note the 
sampling points (buoys) 
located along the 
transect and the 
echotracing of the 
surveyed transect. 



Plate B 

Quadrat sampling at a 
biomass site. 




Determination of wot 
mass of a biomass sample 



Figure 2. Echosounder/Loran C Methodology Used by Limnos 
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2. 3 Comparison of Data Generated by the Echosounder/Loran C 
Method and Crowder Method of Aquatic Plant Survey 



An objective of this study was to determine i^ two different 
methods of measurinq aquatic plant qrowth would provide similar results. 
At each of the five study sites the index transect was surveyed by both 
study teams (Limnos and Crowder) using the respective methods. 
Quantitative data was generated from both methods which was then 
statistically analysed to determine the similarity of results between 
the two methods. For comparison of the two methodologies, on]y the data 
obtained from the index transect was considered. Data obtained by 
Linnos from the transects parallel to the index transects was not used 
to provide a comparison of methodologies. 

Species richness was determined to provide a direct comparison of 
the number of species recorded by both methodologies. The Jaccard 
Coefficient of Similarity provided a measure of similarity between the 
two methodologies based on the number of same snecies recorded by each 
methodology. The Shannon - Weiner Diversity Index (H') provided a 
direct comparison of the two methodologies based on the relative 
abundance of species along the transect. The Percent Similarity (PS) 
test was used to determine the similarity between the results obtained 
from both methodologies based on relative abundance of species common to 
both transects. 

2.3.1 Species Pichness 

Species richness was calculated as the number of snecies recorded 
along a sampled transect. Species richness does not consider the 



relative abundance of species; less cominon or rare species are given the 
same iiriDortance as common, abundant species. 

2.3.? Jaccard Coefficient 

The Jaccard Coefficient is a measure of similarity based on the 
number of species common to each community or transect. T.ike species 
richness, the Jaccard Coefficient considers only the number o^ species. 
A large coefficient indicates that a larqe number of the same species 
was recorded by both methodolooies . Jaccard coefficients > n.75 
indicate similar observation of species. The following formula was used 
to calculate the Jaccard Coefficient: 



CCj = 



S^+Sj- C 



where S,= the number of species recorded by method 1. 
5-= the number of species recorded by method 2. 

C = the number of species common to both methodologies, 

2.3.3 Shannon-Weiner Diversity Index fH') 



The Shannon-Weiner Diversity Index is a measure of the diversity of 
a community based on the relative abundance of species in the community. 
Higher values of the Shannon-Weiner Diversity Index are obtained if 
populations have larger numbers of species and relative occurrence of 
species is even. Small values result when the number of species is 
small and the difference in relative abundance between species is large. 
Similar H' values would indicate that both methods recorded a similar 
number of species and relative abundance. This index was 

10 



calculated using the formula: 

H' = - p.logp. 

where p. = n./N 

n = trie number of species i 

N = the total numbers of all species 

2.3.4 Percent Similarity (PS) 

Percent Similarity measures the similarity between communities 
based on the abundance of species common to both communities. A hiah PS 
value indicates that not only are there a Israe number of species common 
to both communities, but their relative species abundance is also 
similar. A PS value > 75% indicates similarity. Percent similarity was 
calculated as: 

PS = Slowest abundance of a species common to both 
methodologies 

2.3.5 Coverage 

Plant coverage alonq transects, as determined by Crowder is a 
measure of the percentage of sampling points along the transect 
contacted by plants. A similar Quantitative measure of coverage is not 
available using the echosounder/Loran C method. Interpretation of 
echosounding tracings provides information on plant density and patterns 
of plant growth (ie. clumped, discontinuous) along transects. 

Quantitative coverage information derived by Crowder provides 
original information that can assist in the interpretation of 
echosounder tracings. To provide initial comparison, visual co^»erage 

11 



information contained in the echotracings can be compared to Crowders 
numerical information on coveraqe. 
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3. RESULTS 

3. 1 Echosounder/Loran C Aquatic Plant Survey 

A total of 50 transects were surveyed; 10 at each of the ^'ive 
sites, with five transects being run fron opposite shorelines at each 
site (Figures 3-7). Echosounder tracings indicating nlant growth and 
coverage for each transect at each of the five sites is recorded in 
Appendix A. Plant growth distribution was not mapped since it occupied 
only a narrow band out from the shoreline and was inconsistent from 
transect to transect at some of the sites. 

Transect 3 at the Trenton North site was the only transect that was 
surveyed in its entire length from the north shore to the south shore 
(Figure 3). Trenton North 3 transect was located in an area of the 
upper bay where the bottom profile sloped gently toward deener water and 
the bottom sediment was less rocky than other sites. More growth was 
anticipated under these favourable conditions than was observed. 

Although this transect was the only one surveyed from shore to 
shore, plant growth was recorded at the north shore only (Appendix A-1 , 
A-2). Transect 3 had the most species (7) and the largest number of 
stems (179; Appendix B). Plant growth was sparse with plants occurring 
to a depth ranging from 1.5 to 2m. Species composition and abundance at 
the Trenton North site is shown in Figure P. 

Belleville North had discontinuous growth which extended to a depth 
of 1.5m (Appendix A-3 ) . Clumped growth of Myriophyl lum spicatum , 
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Figure 8. Submerged Macrophyte Species Composition and 
Abundance at Trenton North. 
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Figure 9. 



Submerged Macrophyte Species 
Composition and Abundance at 
Belleville North and Belleville South. 
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Figure 10. Submerged Macrophyte Species Composition and 
Abundance at Big Bay North and Big Bay South 

16 



>^"» , .i*1*' •'_■•• 



I 



Transect HBVJ2 







« iHn i (t*0 



Transect HBV/3 




t ili m wuw 



Figure 11. 



Submerged Macrophyte Species Composition and 
Abundance at Hay Bay West. 
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Figure 12. 



Submerged Macrophyte Species Composition and 
Abundance at Hay Bay East. 
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Figure 13. 



Submerged Macrophyte Species Composition and 
Abundance at Conway North. 
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Figure 14. Submerged Macrophyte Species Composition and ray 
Abundance at Conway South. 
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Heteranthera dubia and Vallisneria americana was observed from the harqe 
and the clumping profile recorded on the echotracing. Plant growth was 
more abundant at Belleville North compared to Trenton North. V. 
aner icana , H. duhia and Elodea canadensis were the dominant species 
recorded at Belleville North (Fiaure 9). 

Belleville South, transect 3 (Index transect; Appendix A-4 ) had no 
growth due to the steep incline occurring at the shoreline. The 
preclusion of plant growth due to a sharnlv inclined littoral zone also 
occurred at transects 1 and 2. Transects 4 and 5 (Fiqure ^), however, 
were located in a cattail marsh embavment where an organic silt sediment 
and gently sloping bottom profile provided favourable conditions for 
plant growth. Plant growth was continuous and dense along transect 4 
but, discontinuous along transect ■=! . Secchi depth measurements were 

higher (1.25 m vs. 0.75 m) and biomass laraer (676.8 o/m^ vs. 396.4 

2 
g/m ) at transect 4 when compared with transect 5. The location of 

transect 4 was more protected from the prevailing west wind than was 

transect 5 and therefore may account for the difference in water clarity 

and hence, abundance of plant growth. Species composition and abundance 

is shown in Fiqure 9. 

Big Bay North, transect 1, was also located adjacent to a cattail 
marsh (Figure 5). The transect location was protected from the 
prevailing wind and had an organic silt sediment, thus, providing 
favourable conditions for plant growth. Six plant 

species were recorded along this transect (Fiqure 10). The remaining 
transects on the north side, except for transect 3, had no growth due to 
the rocky bottom and sharp bottom contours (Appendix A-5 ) . Sparse plant 
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growth was recorded only at transect 3 at ^ig Bay South. The other 
transects located at this site originated fron a steep shoreline with a 
rocky bottom which appeared to be oartiallv responsible for preventing 
the development of growth (Appendix A-6 ) . 

Plant growth recorded along transects at the Hay Ray site ranaed 
from no growth to discontinuous growth (Appendix A-7 , A-8 ) . The west 
shore was almost devoid of plant growth due to the considerable sharp 
bottom contours. Onlv transect 2 and 3 recorded plant growth probably 
as a result of the less severe incline observed at these sites (Figure 
11). Transects along the east shore recorded variable plant growth due 
to changing bottom contours and sediments. However, plants did grow to 
a depth of 3 m at Hay Bay East f5 despite the inclined bottom profile. 
Species composition was different for each transect at Hav Bay East 
(Figure 12). Transect 1 was dominated by N_^ flexilis , transect 2 
dominated by N^ ouadalupensis , transect 3 dominated by E^ canadensis 
and H_^ dubia, transect 4 dominated bv H^ dubia and transect S dominated 
by E_^ canadensis . 

Conway North and South provided similar conditions for plant 
growth. Both north and south shorelines sloped downward ouickly 
(Appendix A-9, A-10) and water clarity was dramatically hioher compared 
to the upper bay. Secchi depths of 2.25 m and 1.7 m were recorded for 
north and south side transects, respectively. Presumably due to 
increased light availability, plant growth was abundant and grew to a 
depth of 4 m. _V^ americana was the dominant species recorded at both 
Conway North and Conway South (Figure 13 and 1 -i , respectively). 
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Appendixes B, C, D, E and F record the number of stems of each 
plant species recorded from each of the transects at each survey site. 
The frequency of each olant species and the Shannon-Wiener Diversity 
Index fron each transect is also presented in the respective appendixes. 
The density of stems on a per m basis can be determined from the 
data provided in the appendixes. 

In conjunction with sampling along the transects, sampling was also 
carried out for the presence of P^ crispus turions. Samp] i no was 
carried out at three sites; Trenton (transect 3), Belleville (transect 5 
south) and Muscote Pay. These sites had habitat conditions favourable 
for P_^ crispu^ growth, however, no turions were collected. Samplinq was 
not carried out at sites such as Belleville north. Big Bay, Hay Bay and 
Conway, where rock and gravellv bottoms and steep shoreline slopes 
precluded use of the Ekman dredge, and habitat conditions were less than 
suitable for P_^ crispus growth. 

3. 2 B i oma s s 

A total of 264 biomass samples were taken from the five survey 
areas (Appendix G). Conway North and Conway South had the largest 
average biomass values at 599,5 g/m^ and 618.? g/m^ (wet mass), 
respectively, while Trenton North recorded the lowest biomass at 20 g/m^. 



Big Bay North and Belleville South each had only 2 transects which 



recorded plant growth and respective hiomass values of 432. ft g/m^ and 

2 
536.6 g/m . These biomass values are not representative of nlant oro^ 

at each site since the transects (BBNl, BS4 and BS5) were located 



adjacent a cattail narsh where conditions were favourable for plant 
growth, unlike the rest of the site. 

The average biomass value, in areas of plant growth, in the Bay of 

2 
Ouinte is ?61 g/n . A determination of total plant biomass in the Bay 

would be inappropriate based on the limited number of sampling 

locations. Although the number of biomass samples is appronriate they 

are representative of only 5 locations in the Bay, which may not be 

fully representative of plant nrowth and potential plant habitat in the 

Bay . 

The largest biomass recorded for a sinole species was V^ amerlcana 

2 
at 165.4 g/m (Appendix H). V^ americana was most abundant at Conway 

North and Conway South and had the largest biomass among al] species at 

each survey site except ^or Hay Bav East, where E_^ canadensis and H. 

dubia had slightly larger biomass values. M_^ spicatum, H. dubia and E_. 

canadensis had the next largest biomass values overall at 43.1 g/m , 

2 2 

26.-1 g/m and 24.4 g/m , respectively.- 



3. 3 Comparison of Parallel Transects 

Of 49 paired comparisons using the Jaccard coefficient for 
determination of community similarity between the index transect and 
parallel transects only 38 % had values greater than 0.75, indicating 
similarity between transects (Table 1). As well, only 22 % of parallel 
transects within each of the five sites were similar. 
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Table 1. Similarity Between Transects at Each of the Five Study Sites 
in the Bay of (Xiinte as Recorded by the Jaccard Coefficient 
of Conmunity Similarity. 



Trenton 



TIN T2N 



T3N T4N T5N 



TIN 

T2N 
T3N 
T4N 
T5N 



0.66 0.75 0.5 0.42 
0.375 0.5 0.16 
0.75 0.5 
0.42 



Big Bay 



BB3N 



BBIN 



0.33 



Belleville 


















B2N 


B3N 


B4N 


B5N 


B4S 


B5S 


B2N 




0.83 





83 


0. 


83 


0.75 


1 


B3M 









66 


0. 


66 


0.62 


0.83 


B4N 












1 


0.62 


0.83 


B5N 














0.75 


1 


B4S 
















0.75 


B5S 
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Table 1. cont'd 



Hay Bay 



HBIE HB2E ffi3E HB4E HB5E HB2W 



HBIE 
HB2E 
fB3E 
Fffl4E 
HB5E 
HB2W 



0.6 0.77 0.5 0.77 0.71 

0.77 0.55 0.8 0.55 

0.5 0.77 0.71 

0.55 0.43 

0.55 



HB3W 



0.71 
0.55 
0.71 
0.43 
0.55 
0.66 



Conway 



CIN 



CIN 
C2N 
C3N 
C4N 
C5N 
CIS 
C2S 
C3S 
C4S 
CSS 



C2^ C3N C4N C9J 



0.714 0.833 0.833 0.428 

0.625 0.857 0.5 

0.833 0.375 

0.571 



CIS C2S C3S 



0.4 0.571 0.571 

0.333 0.444 0.444 

0.5 0.5 0.714 

0.363 0.5 0.5 

0.4 0.571 0.375 

0.666 0.363 

0.5 



C4S CSS 



0.444 0.428 

0.363 0.333 
0.4 0.375 
0.4 0.4 
0.3 0.25 

0.545 0.4 
0.4 0.375 

0.555 0.571 
0.625 
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At Trenton, transects Nl and N4 were similar to the index 
transect; at Belleville North, transect 2 was similar to the index 
transect; at Hay Bay East, transects 1, 2 and 4 were similar to the 
index transect. There was no similarity between the index 
transect and parallel transects at Conwav. 

The Percent Similarity (PS) statistic which compares plant species 
abundance was also calculated to determine similarity between parallel 
transects. No paired comparisons between index and parallel transects 
were determined to be similar (Table 2). The only transect pair which 
was similar (PS > 75 %) was Conway North 1 and -3. Only at the Conway 
site, were most PS values greater than ^0 %, indicating a consistent 
degree of similarity among transects. 

Shannon-Weiner Diversity index values for transects for each of the 
five sites are found in Appendixes 1 to 5. The highest H* value 
recorded was 2.558 at Hay Bay Fast, transect 3. Transect North 2 and 
South 4 at Conway had H* values of 2.504 and 2.455, respectively. In 
each of these three sites the number of species was high and the 
variance between species abundance along the transect was less than 
other transects. The lowest H' value recorded was 0.971 at Big Bay 
North 3, The low value at this site is a result of the small number of 
species observed (2) along the transect. 

Analysis of variance and the Student's t - test was carried out on 
biomass data obtained from each of the parallel transects to assess 
homogeneity of the plant community at each of the five sites 
(Appendix I). Transects with no plant growth were not considered in the 
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Table 2. Percent Similarity (PS) Between Parallel Transects 
at Each of the Survey Sites in the Bay of Quinte. 



Table 2a 



Hay Bay East (E) and Hay Bay West (W) 



Transect 



El 
E2 
E3 
E4 
E5 
W2 



El 



E2 



E3 



E4 



E5 



27 


7 


26 


50 


20 


33 




41 


54 
13 



W3 



20 



Table 2b 



Transect 



Nl 
N2 
N3 
N4 
N5 



Trenton 



Nl 


N2 


N3 


N4 


N5 




41 


19 


28 


23 






35 


20 
35 


16 
14 
25 



Table 2c. 
Transect 



Nl 



Big Bay North 

N3 



26 



28 



Table 2d. 



Belleville North (N) and Belleville South (S) 



Transect 



M2 

N3 
N4 
N5 
S4 



N2 


N3 


N4 


N5 


S5 




53 


40 
46 


27 
49 
64 


47 



Table 2e. 



Conway North 



Transect 





Nl 


N2 


N3 


N4 


N5 


Nl 




m 


72 


78 


m 


N2 






48 


59 


62 


N3 








54 


57 


N4 










43 


N5 













Table 2f. 



Conway South 



Transect 



SI 

S2 
S3 
S4 



SI 


82 


S3 


S4 


S5 




72 


69 


50 


38 






70 


55 
47 


58 
42 
57 
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analysis. Only comparisons at the Big Bay North and Hay Bay East sites 
were significantly different (P < 0.05%). Habitat conditions 
at transect 1, Big Bay North were more suitable for plant growth which 
was reflected by higher biomass, stem numbers and species than at 
transect 3. Hay Bay Fast transect biomass samples indicated 
inconsistent growth, with three of the five sites recording zero biomass 
for many of the samples. 



3.4 Comparison with Crowder Methodol 



ogv 



Results of sampling using the echosounder/Loran C (Limnos) 
technology was compared with results obtained from the traditional point 
transect method (Table 3). Generally, the point transect method 
provided more sampling points than the echosounder/Loran C method (789 
vs. 26A) which allowed for greater opportunity to sample plant species 
which were less frequent. This was reflected in the species richness 
recorded by the two methodologies. In all cases, Crowder recorded more 
species along the transect. Crowder also recorded a higher 
Shannon-VJeiner Diversity index for all but two of the transects (Hay Pay 
East and Conway North). Although the diversity index is not related 
directly to species richness, the difference between the compared values 
may be the difference in the number of species used in the calculation. 

The Jaccard Coefficient of similarity among transects was below 
0.75 (the critical value for similarity) for all transects compared 
(Table 1). As the coefficient is based on the number of common species 
belonging to the two transects, and since Crowder recorded more species. 
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(ranainq from 3 to 5 more per transect) the coefficient was always be.low 

the critical value. r 

Using the Percent Similarity calculation, onlv Big Bay North and 
Conway North were determined as being similar when connared with 
Crowder's data (Table 3). These transects had similar species abundance 
while the other compared transects had less similarity in species 

abundance . 

Plant coverage can not be compared as Limnos provided a Qualitative 
measure of plant growth through echosounder tracings and Crowder 
provided a quantitative measure. The echosounder tracings, in 
conjunction with Loran C, provided a description of the locations and 
type of plant growth, whereas the numerical measure used by Crowder to 
describe cover was based only on the percentage of sample points where 
plant growth was recorded. The oercent coverage value does not provide 
for accuracy in mapping or documenting the growth nattern, as regular 
growth (ie. one stem every second sample noint) could not be 
differentiated from clumped growth (ie. all stems located at a few 
points along the transect). 

Biomass data was not compared since Crowder biomass 
locations were not along index transects and were concentrated in 
the Belleville and Trenton areas (Crowder and Cameron 1988). 
Crowder collected 31 biomass samples while Limnos collected 258 
guadrat samples from 86 sites (Appendix G). 
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TstHe 3. Qjipariacn aid Similarity cf Itesults between Uirros and Ciowder Sarplirg hfettaddLogy. 



Tcanaect Metixdolcgy S^ies Ridnes St^rrarrVisinec Reaxsert Similarity Jaccatd Cbefficiat I 

(H') (ES) 



(CCj) 



XcentcnN 


LUITDS 

Ccowciar 


Txenten S 


LUITDB 

Qxvder 


BeLLeviLLeN 


Liitrcs 
CtawriR- 


Belleville S 


Linrus 

Coder 


Big Egy N 


LanrtE 
Qowaer 


Big EBy S 


linTDS 
Crowder 


}isf/Bse/E 


LOITTDG 

CtDwdar 


i^Ba/\i 


Crowder 


CtrvEy N 


linros 
Crowda: 


Qncy S 


Unrue 
Qnwda: 



7 
10 


4 

5 
10 




2 

4 

3 
6 

7 
11 

5 
8 

6 
10 

6 
9 



l.QL 
1.975 




1.78 
2.132 


nil 

0.97 
1.463 

1.43 
1.788 

2.57 
1.669 

1.58 
1.842 

1.63 
1.288 

0.95 

1.527 



56.1 



50.1 



78.5 
61.1 
39.1 
69.1 
79.1 
46.5 



0.63 


0.62 



0.5 

0.5 

0.63 

0.44 

0.45 

0.5 
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3. 5 Costs Associated with Conducting an Aquatic Plant 
Survey Using Echosounder/Loran C Technology 

Table 4 lists the costs for materials, eauipment and manhours for 
conducting an aquatic plant survey using echosounder/Loran C technology. 
There is a minimum exoense attributed to initiating an aquatic plant 
survey using the echosounder/Loran C technology which includes use of 
the echosounder, Loran C, barge rental etc. The maximum cost/benefit 
obtained once the survey has been mobilized is a function of the maximum 
number of transects surveyed on a daily basis. 

On average, the 50 transects run in 1988 at the five sites took 
between 45 and 60 seconds each, due to the limited areal distance of 
plant growth from the shoreline. Travel time between transects, 
preparation of eguipment for each transect run, and manoeuvring the 
boat into position to begin the transect increased the time at a site. 
At sites such as Trenton South, where steen slopes precluded plant 
growth, the five transects were surveyed in approximately 20 mins. At 
sites where transect lengths were longer due to greater areal coverage 
of plant growth and navigation hazards, (such as at Belleville North) 
the time taken to survey the set of five transects was longer (45 
minutes ) . 

The survey rate for transects using the echosounder/Loran C 
methodology was approximately 3.6 km/hr at a cost of S25./km. The cost 
of biomass sampling per station sampled (3 random cast quadrats) 
exclusive of the echosounder/Loran C survey was $12./samDle. This 
includes equipment and manpower for collection and dewatering and 
weighing the collected plant material. 
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Table 4. Costs Per Day Associated with Conduct inci an Aquatic Plant 
Survey using Echosounder/Loran C Methodology. 



Equipment and Materials Costs 

Echosounder $35.00 

Loran C $20.00 

Chart Paper $25.00 

Barge Rental $60,00 

Miscellaneous Eauipment S50.00 
and Supplies 



Total Costs = $515.00 



$190.00 



Personnel Requirements 

Project Manager - Biologist $200.00 

Project Assistant - Technician $125.00 



$325.00 
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From the 1988 survey, an approximate cost per transect including 
echosounder/Loran C survey and quadrat sampling for biomass and species 
composition can be developed. With standard samnling of 3 sites per 
transect, at 3 quadrats per site, the average time taken to sample a 
site was approximately 10 minutes dIus time for manoeuvrina the boat 
into position, anchoring etc. Therefore, a one transect survey 
including sampling took 1.75 hrs . {1.5 hrs . - biomass and species 
composition sampling; 20-28 mins. - manouevring, anchoring, setting 
buoys, recording location information; ? mins. - fathometer 
calibration, transect run). Given a working day of 8 hrs., 4.5 
transects could be surveyed and sampled in a day. At an operating cost 
of $515.00 per day, the cost to survey each transect including sampling 
wou]d be approximately S115. This cost estimate is based on 1988 costs 
and subject to change with specification for survey and contract costs. 
Table 5 provides a breakdown of costs for each component of the aouatic 
plant survey conducted by Limnos. 



Table 5. Summary of Costs for an Aquatic Plant Survey 

Using Echosounder/Loran C with Quadrat Sampling. 



Cost echosounder/Loran C transect survey/km - $25. 

Cost biomass sampling/site - $12. 

Cost species composition sampling/site - SIO. 

Cost echosounder/Loran C survey, biomass and 

species composition sampling - $47, 

Total cost for a 100 m transect survey with 

biomass and species composition determination from 

3 sample sites _ $68.50 
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other considerations which would influence the cost/benefit of 
field work include mobilization, travel time and cost to and from the 
study location, time to reach the survey site and travel between survey 
sites. The transects in this case were sampled by skin diver and an 
increased cost would be incurred should sampling deeper waters reoulre 
SCUBA diving due to gear costs and additional time and manpower reauired 
to meet regulatory requirements. 
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DISCUSSION 

Submerged aquatic plant growth in those areas examined in the Bay 
of Ouinte was found to be extremely variable ranging from sparse (little 
biomass and few species) to dense (large biomass and a large number of 
species). Plant coverage varies from continuous and uniform to 
discontinuous and patchy. Although the Bay of Ouinte is a nutrient 
enriched water body the existing plant community does not reflect the 
current trophic status. Enriched aquatic environments generally support 

extensive macrophyte growth. The average biomass in the Bay of Quinte 

2 

was 361 g/m (wet mass) which is considered low when compared to other 

2 
enriched systems (eg. Rice Lake - 1,640 g/m (Limnos 1988); Pigeon Lake 

2 
- 2,300 g/m (MOE 1976)). Highest plant biomass was recorded at the 

2 
Conway site (avg. 630 g/m wet mass) where conditions for plant growth 

was the most favourable in the Bay. 



Plant biomass generally increased from Trenton to Conway in 
response to increased water clarity. Water clarity at Conway is 
improved as Lake Ontario water mixes with the lower section of the Bay. 
Although areal coverage of plant growth at Conway and Hay Bay East was 
small compared to Belleville North and Trenton North, biomass was much 
greater which is indicative of a healthier plant community. 

To measure submerged aquatic plant growth in a large water body, 
like the Bay of Quinte, the sampling methodology adopted must consider 
the size of the study area and the type and detail of information that 
is desired. In this study, two methodologies were evaluated and 
compared in their ability to provide an accurate description of 
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submerged aquatic plant growth in the Bay of Quinte. 

Analysis of the data using tests of similarity indicated that the 
two methodologies did not produce a similar result. Of ten sites 
sampled by both methodologies, only results from two sites were 
determined as being similar when using the (PS) Percent Similarity test. 
No growth was recorded by either methodology at Belleville South, which 
would imply a degree of similarity based on the absence of plant growth. 

No similarity between the results of the two methodologies was 
demonstrated when tested using the Jaccard Coefficient of Similarity. 
This is probably a result of Crowder recording more species at each site 
(Table 3). Crowder also made the distinction between Hyriophyllum 
spicatum and Myriophyllum exalbescens , while Limnos lumped the two 
together, therefore reducing species richness at sites where it 
occurred. This would result in reduced similarity since the Jaccard 
result is based on the number of species common from the results of both 
methodologies. 

Generally, the greater number of sample points used in the Crowder 
methodology provided a greater opportunity to collect most, if not all, 
species along the transect. However, documentation of a species which 
has a small relative abundance and is not a consistent member of the 
plant community may not warrant extensive sampling or yield important 
information. An increase in the abundance of a minor species, perhaps 
indicating a change in community composition, would undoubtedly be 
documented with a less intensive approach eg. quadrat sampling. This is 
also true for a decline in the relative abundance of a dominant species. 
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As an example, M_^ spicatum was the dominant macrophyte in the Bay prior 
to 1988 (Crowder and Bristow 1988) but results of this study indicated 
that V^ americana has replaced M_^ spicatum as the most abundant 
submerged macrophyte species. This result was demonstrated through both 
methodologies. 

Biomass values obtained by Crowder and Limnos were not compared as 
Crowder sampled only in the Belleville and Trenton area and did not 
sample along the index transect. However, it is noteworthy that 
although Crowder had significantly fewer samples and from only two sites 
located in the upper Bay, average biomass was similar to that 
determined by Limnos. 

Physical features of a site, including bottom contours, sediment 
type, water depth, wind protection and water clarity, all contribute to 
creating habitat conditions for plant growth. Variability in site 
characteristics in the Bay of Quinte determines the presence, 
composition, biomass and coverage of plant growth at any one site. 
Plant habitat was observed to change in as little as 100 m or less from 
a surveyed site. Although not demonstrated statistically, such 
observations would tend to indicate that the index transect may not be 
considered fully representative of plant growth in the environs of that 
site. At other locations plant habitat remained similar over 1 km of 
shoreline distance. 

The echosounder/Loran C methodology is a quick, efficient, cost 
effective means to determine the areal distribution of aquatic plant 
growth of a large waterbody. As well, this technique provides 
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information on plant height, density and coverage. The 

echosounder/Loran C methodology lends itself to broad systems where the 
distribution and range of plant growth can be readily defined and 
resolves the problem of locating and delineating plant growth in open 
water environments which is otherwise difficult to plot. The 
echosounder is particularly effective in a system like the Bay of Quinte 
which has poor water clarity and its ability to measure plant growth Is 
not affected. The DE-719B fathometer depth sounder is accurate to +/- 
0.5%+/- 1" of indicated depth and has a transducer beam width of 8** 
which provides excellent detail of plant coverage. The echosounder is 
limited in recording plants growing in waters less than 0.5m deep due to 
the inability of the barge to sample in these shallow waters. However, 
direct sampling is usually required for determination of species 
composition and biomass. 

Attempts have been made to estimate plant biomass from 
interpretation of echosounder recordings as an alternative to intensive 
sampling using quadrats and, in most cases, SCUBA (Maceina and Shireman 
1980, Maceina et al. 1984, Duarte 1987). Such developments of this 
methodology would significantly reduce direct sampling and laboratory 
analysis time and associated costs. Maceina and Shireman (1980), 
attempting to measure Hydrilla biomass from echosounder tracings in two 
Florida lakes, concluded that estimates of biomass from fathometer 
tracings were more reliable when monoculture plant growth is measured. 
Further investigation by Maceina et al. (1984) concluded that biomass 
estimates from fathometer tracings were not equally reliable for all 
water bodies and that calibration of plant biomass to echosounder 
tracings would be required for each in order to provide estimates of 



40 



i 



biomass from the tracings. 

Duarte (1987) attempted to overcome the problem of determining 
biomass from echotracings of mixed stands of submerged macrophytes by 
developing a "form class" of plant growth based on a species 
biomass/height relationship. The development of a form class allowed 
for this technology to be used in other temperate lakes of similar 
geographic location. In the Bay of Quinte, species composition from 
site to site differs greatly and only the Conway South site showed any 
consistency in dominance (combinations of V^ americana and H_^ dubia ) . 
However/ any estimate of biomass from echotracings based on calibrated 
data of only one echotracing per transect would not be reliable. 
Repetitive transect sampling would be required to determine the 
precision of data that would allow an accurate estimate of biomass from 
echotracings . 

The sampling scheme designed for this study did not include 
replicate sampling of each transect such that a mathematical 
relationship between biomass and echotracing information could be 
developed. As a result the data may be limited in its application to 
predict biomass from echotracings because the confidence limits on the 
estimates have not been calculated. 

The two methodologies being compared in this study serve somewhat 
different purposes. The point transect methodology used by Crowder 
provides a precise study of a specific plant community or index transect 
and measures the changes, over time, that occur in that community. The 
methodology does not provide information on areal coverage or changes in 
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distribution, biomass and species composition in the whole system over 
time, that may be occurring in response to changes in water quality. 

Single transects, however, may not be fully representative of plant 

growth in a particular study area, or of general plant conditions 

2 

throughout the waterbody. The Bay of Ouinte covers an area of 254 km 

and within the Bay there are a number of habitats including cattail mars 
areas, rock and gravel shorelines and steep shorelines, some of which 
support abundant macrophyte growth. Therefore a description of 
favourable habitats is required to delineate areas of potential plant 
production, followed by a survey using the echosounder/Loran C 
methodology to accurately describe plant growth in the Bay of Quinte. 

The echosounder produces a hard copy of the plant growth profile 
and the Loran C provides precise location information on biomass 
collection sites that can be resurveyed on a non subjective basis in the 
future to measure change in distribution and document change in biomass. 
The Loran C is accurate to within 15 m of returning to a previously 
sampled fixed point (E. St. Jean, Navitron, pers. comm.). This is 
acceptable for resampling sites to determine changes in community 
composition and biomass over time in a large system. Loran C, in 
combination with landmark references and compass orientation, is an 
accurate means of relocating the beginning point of previously surveyed 
transects . 

According to the terms of reference no data was required for time 
comparisons between the Crowder and Limnos measurement procedures. 
None-the-less the two field crews operated simultaneously on one site 
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allowing a general comparison to be made. At this location the five 
transects were run and in-water samples collected by Limnos in about 
half the time required for sampling the one Crowder transect. 
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6. Appendices 



Appendix B. Stem Numbers and 


Frequency 


of Plant 


Specie 


Record 


Stem Numbers 






Transect 






Plant Species 


IN 


2N 


3N 


4N 


5N 


C. demersum 
E. caneidensis 
H. dubia 
M. spicatum 
N. guadalupensis 
P. pusillus 
V. americana 


10 
2 

1 
3 
§ 


1 
2 

3 


1 

6 
17 

5 
118 

1 
29 


5 
2 
1 
1 
2 
9 


1 

1 

1 
7 


no. of species 

total no. of stems 

Shannon-t-Je iner 

Diversity Index 

(base 2) 

no. of quadrat 

samples 


S 

21 

2.145 

9 


3 
6 

1.458 

3 


7 

179 

1.609 

12 


6 

20 
2.115 

12 


4 

10 

1.357 

3 



Frequency 











Transect 










IN 


2N 


3N 


4N 


SN 


c. 


demersum 


0.22 




0.08 




0.33 


E. 


canadensis 


0.11 




0.25 


0.17 


0.33 


H. 


dubia 






0.25 


0.08 


0.33 


M. 


spicatian 


0.11 


0.33 


0.25 


0.08 


0.33 


N. 


guadalupensis 


0.33 


0.33 


0.5 


0.08 




P. 


pusillus 


0.33 


0.33 


0.08 


0.17 




V. 


americana 






0.17 


0.25 
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Appendix C. Stem Numbers and Frequency of Plant Species Recorded at Belleville. 



Stem NtBTibers 









Transect 










m 


m 


4N 


5N 


4S 


5S 


Plant Species 














B. beckii 






16 




16 




E. canadensis 


439 


73 


51 


m 


9 


SI 


H. dubia 


14 


54 


168 


m 


131 


14 


M. spicatum 


39 


10 


51 


23 


39 


15 


N. flexilis 






38 




38 




N. guadalupensis 


13 


31 


276 


17 


266 


16 


P. pusillus 


8 


1 


4 


1 


4 


1 


V. americana 


38 




311 


184 


214 


157 


no. of species 


6 


5 


8 


6 


8 


6 


total no. of stems 


551 


169 


915 


348 


717 


254 


Shannon-Weiner 


1.148 


1.783 


2.291 1 


.866 


2.1% 


1.648 


Diversity Index 














(base 2) 














no. of quadrat 


6 


6 


9 


9 


9 


9 


sanples 















Fr 


equency 








Transect 










2N 


3N 


4N 


5N 


4S 


5S 


B. 


beckii 










0.30 




E. 


canadensis 


0.77 


0.5 


0.55 


0.66 


0.11 


0.44 


H. 


dubia 


0.44 


0.5 


0.77 


0.22 


0.66 


1 


M. 


spicatum 


0.55 


0.5 


0.66 


0.44 


0.55 


0.33 


N. 


flexilis 










0.44 




N. 


guadcilupensis 


0.33 


0.5 


0.11 


0.22 


0.77 


0.11 


P. 


pusillus 


0.33 


0.16 




0.11 


0.11 




V. 


americana 


0.55 




0.66 


0.77 


1.00 


0.44 
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Appendix D. Stem Numbers and Frequency of Plant Species Recorded at Big Bay. 



Stem Numbers 



Plant Species 

B. beckii 

C. demersum 
E. canadensis 
H. dubia 

M. spicatum 
P. pectinatus 
P. pusillus 
V. americana 



IN 



525 

61 

34 

1 

143 



Transect 

3N 33 



12 



18 



9 
10 



no. of species 

total no. of state 

Shannon-We iner 

Diversity Index 

(base 2) 

no. of quadrat 

sanples 



6 

767 
1.359 



2 

30 
0.971 



3 

22 

1.436 



Frequency 



IN 



Transect 

3N 38 



B. 


beckii 


0.22 


C. 


demersum 




E. 


canadensis 


1.0 


H. 


dubia 


0.77 


M. 


spicatum 


0.77 


P. 


pectinatus 


0.11 


P. 


pusillus 




V. 


americana 


1.0 



0.33 



0.66 



0.166 

0.166 
0.666 
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Af^ndix E. Stem Numbers and 


Frequency 


of Plant 


Species 


Recorded 


at Hay Bay. 


Stem Numbers 






















Transect 








Plant Species 


IE 


2E 


3E 


4E 


5E 


m 


3W 


A. gramineuin 
E. canadensis 
H. dubia 
M. spicatum 
N. flexilis 
N. guadalupensis 
P. friesii 


29 
2 
7 

324 
22 


2 

77 

106 

1 

162 

500 


57 

47 
8 

18 
30 


5 

72 

10 

5 


20 

501 

4 

3 

95 

35 


5 
10 

1 
22 


171 

22 

42 

1 


P. pectinatus 

P. pusillus 

P. richardsonii 


13 


7 
5 


19 




35 
2 


12 




V. americana 


18 


38 


18 


32 


34 




44 


no. of species 
total no. of stems 
Shannon-Wei ner 
Diversity Index 
(base 2) 


7 

415 

1.262 


9 

898 
1.893 2 


7 

197 
.558 1 


5 

124 
.627 


9 

729 

1.627 


5 

50 
1.926 


5 

280 
1.594 


no. of quadrat 
sanples 


12 


9 


15 


9 


9 


3 


3 



Frequency 











Transect 










IE 


2E 


3E 


4E 


5E 


2N 


3W 


A. gramineum 




0.11 




0.33 


0.22 






E. canadensis 


0.33 


0.66 


0.46 




0.66 


0.33 


0.66 


H. dubia 


0.16 


1 


0.33 


0.66 


0.33 


1.00 


0.33 


M. spicatum 


0.08 


0.11 


0.33 


0.44 


0.22 


0.33 


1.00 


N. flexilis 


0.5 


1 


0.46 


0.22 


0.55 


0.66 


0.16 


N. guadalupensis 


0.16 


0.77 


0.20 




0.33 






P. friesii 
















P. pectinatus 




0.22 












P. pusillus 


0.25 


0.11 




• 


0.22 


0.66 




P. richardscBiii 










O.U 






V. americana 


0.33 


0.77 


0.46 


0.66 


0.66 




0.33 
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i^Eperdix F. Stem Mnters and FreqjBrc}/ cf Plant ^scies Ifeaxded at Ctrhay fti/. 



Stanlljtbas 



Traigsct 



M 



m 



Plat: ^3eciies 

A. graninstm 
E. csna^rsis 
H. cibia 
M. ^acatun 
N. flscilis 
N. gLEdalLpensis 
P. friesii 
P. pec±inatiE 
P. pjsillus 
P. richaK3s3nii 
R> aqi.Btilis 
V. americara 
2. palustris 

ro. cf species 

total no. c£ sLbtb 

aTarrcrmfeiner 

Diversity Intec 

(tBse 2) 

TD. cf quacSrat 



70 

41 



19 
10 

U3 



5 

253 

1.922 



•32 

m 



91 

66 

3 

77 



7 

392 
2.504 



9 



M 



5 
13 

m 



« 



»i 



18 
1 

135 



6 

234 
1.634 



113 
26 



U 
62 
54 

156 



6 

421 

2. 212 



27 

146 

2 



60 



86 



5 

321 

1.824 



IS 



27 

8 

20 

12 



2 



4S 



9 
2 



6 
2.2B0 



108 

5 

21 



9 

3 
265 



6 

411 
1.384 



3 
8 
4 



10 

16 
223 



6 

264 

0.«7 
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19 

3D 
20 



8 

100 
50 

7 

273 

2.455 



77 



10 
57 



4 

186 
1.761 



9 



Fteqjary 



Ocrvay Bat/ 



IN 



2i 



af( 



TcanBBCt 



IS 



25 



45 



A. gcamirEun 

E. csredsnEis 

H. dubia 0.55 

M. ^catun 0.66 

N. Qexilis 

N. giacfelipensis 

P. friesii 

P. pBctinabJs 

P. pusiiliB 0.33 

P. ridHEdacnii 0.33 

R. arjBtilis 

V. arencana 0.88 

Z. palustris 



0.11 

0.55 
0.88 



0.66 
0.44 
0.33 

0.77 



0.16 
0.5 
0.5 



0.66 
0.16 

0.66 



0.44 
0.56 



0.33 
0.44 
0.44 

1 



0.33 
0.5B 
0.11 



0.56 
0.33 
0.33 

0.55 



0.33 
0.33 
0.44 
0.22 



0.33 
0.77 



0.44 
0.33 
0.33 



0.33 

0.11 

1 



O.U 
0.22 
0.22 



0.44 
1 



0.88 
0.44 
0.U 
0.11 
0.44 



0.33 



0.22 



0.44 
0.33 



0.U 

0.22 
0.77 
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Afpendix G. Location of Biomass Sanpling Sites and Biomass Values (g/m ). 



Trenton 
Transect/Site 

Nl/Sl 
N1/S2 
N1/S3 
N2/S1 
N3/S1 
N3/S2 
N3/S3 
N3/S4 
N4/S1 
N4/S2 
N4/S3 
N4/S4 
N5/S1 
N5/S2 
N5/S3 



Loran LatitucJe/ Depth Secchi Wet Mass Dry Mass 

Coordinate Longitude (m) (m) (g) (g) 



15953.8 
59776.3 

15953.8 
59776.3 

15954.0 
59777.7 

15952.8 
59777.7 

15952.5 
59778.2 

15952.7 
59778.3 

15952.9 
59778.5 

15952.4 
59778.1 

15952.1 
59778.6 

15952.5 
59778.8 

15952.7 
59779.0 

15952.9 
59779.3 

15951.0 
59779.8 

15951 . 2 
59780.0 

15951.6 
59780.4 



44.05.78 
77.33.34 

44.05.78 
44.33.34 

44.05.70 
44.33.13 

44.05.82 
77.33.07 

44.05.83 
77.32.97 

44.05.81 
77.32.97 

44.05.78 
77.32.95 

44.05.85 
77.32.98 

44.05.86 
77.32.89 

44.05.81 
77.32.88 

44.05.78 
77.32.86 

44.05.74 
77.32.82 

44.05.92 
77.42.64 

44.05.89 
77.32.62 

44.05.83 
77.32.58 



1.1 



1.5 



1.6 
1.6 
1.8 
1*0 
1.3 
1.9 
1.9 
1.9 
1.3 
U9 
2.0 



0.9 



1.0 



1.0 



1.25 0.9 



0.75 



39.4 



6.3 



neg 



1.0 
1.0 
1.0 
0.9 
0.9 
1.0 
1.0 
1.0 
0.75 39.4 



nag 

nag 
nag 

161 
nag 
nag 

nag 



8.3 



2.8 
0.7 



23.7 



0.75 34.0 



2.8 
0.7 
3.8 



neg <1 g/m^ 

- not measured 

n.a. - not available 
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Big Bay 






Transect/Site 


Loran 


Latitude/ 




Coordinate 


Longitude 


Nl/Sl 


15863.8 


44.10.26 




59860.8 


77.14.58 


N1/S2 


15864 . 


44.10.22 




59861.1 


77.14.55 


N1/S3 


15864.3 


44.10.19 




59861.2 


77.14.55 


N3/S1 


15862.5 


44.10.33 




59861.7 


77.14.35 



Belleville 
Transect/Site 

N2/S1 
N2/S2 
N2/S3 
N3/S1 
N3/S2 
N4/S1 
N4/S2 
N4/S3 



Latitude/ Depth Secchi Wet Mass Dry Mass 
(m) (m) (g) (g) 



Loran 


Latitude, 


Coordinate 


Long it ud 


15897.4 


44.09.05 


59825.2 


77.22.40 


15897.5 


44.09.04 


59825.3 


77.22.39 


15897.7 


44.09.01 


59825.4 


77.22.39 


15897.1 


44.09.06 


59825.7 


77.22.30 


15897.2 


44.09.04 


59825.8 


77.22.29 


15895.8 


44.09.18 


59825.8 


77.22.21 


15896.0 


44.09.14 


59826.1 


77.22.17 


15896.6 


44.09.07 


59826.3 


77.22.18 



0.75 0.75 918.6 



0.75 0.75 485.7 



0.75 0.75 204.1 



1.25 



122.6 



1.3 



1.3 



0.75 907.7 



0.75 



1.25 0.85 



1.5 



1.6 



0.8 



1.0 



1.5 



1.0 



0.85 



0.8 



0.9 



1.0 



78.0 



65.6 



218.5 



237.7 



399.6 



neg 



81.3 
55.2 
23.6 
11.8 



Latitude/ Depth Secchi Vfet Mass Dry Mass 
(m) (m) (g) (g) 



108.1 



5.8 

16.9 


26.6 

34.8 



*9 



Belleville (cont'd) 



Transect/Site 


Loran 
Coordinate 


Latitude/ 
Longitude 


N5/S1 


15894 . 6 


44.09.23 




59827.0 


77.21.95 


N5/S2 


15894 . 7 


44.09.22 




59827.0 


77.21.95 


N5/S3 


15894.9 


44.09.20 




59827.1 


77.21.95 


S4/S1 


15906.3 


44.08.00 




59828.9 


77.22.35 


S4/S2 


15906.9 


44.07.93 




59829.1 


77.22.35 


S4/S3 


15907.3 


44.07.88 




59829.2 


77.22.36 


S5/S1 


15907.2 


44.07.78 




59831.4 


77.22.00 


S5/S2 


15906.6 


44.07.85 




59831.2 


77.22.00 


S5/S3 


15906.1 


44.07.91 




59831.0 


77.22.00 


Hay Bay 






Transect/Site 


Loran 


Latitude/ 




Coordinate 


Longitude 


El/Sl 


15874.2 


44.05.03 




59930.6 


77.03.71 


E1/S2 


15874.1 


44.05.04 




59930.5 


77.03.72 


E1/S3 


15874 . 1 


44.05.05 




59930.4 


77.03.74 


E1/S4 


15873.8 


44.05.09 




59930.1 


77.03.77 



Latitude/ Depth Secchi Wet Mass Dry Mass 

(m) (m) (g) (g) 



1.1 



1.0 



1.5 



0.75 165 



1.15 0.8 



49.7 



0.75 134.6 



1.25 0.85 1155.7 



1.25 b 506.4 



1.25 1.05 368.4 



1.0 0.75 94.0 



1.5 0.75 601.6 



1.75 0.75 493.7 



1.5 



1.75 1.5 



2.75 1.5 



2.9 



1.5 



350.5 



nag 



7.3 



neg 



10.7 
4.8 
9.4 
78.2 
48.0 
38.5 



Depth Secchi Wet Mass Dry Mass 
(in) (m) (g) (g) 



50 



Hay Bay (cont'd) 



Transect/Site 


Loran 
Coordinate 


Latitude/ 
Longitude 


E2/S1 


15872.6 
59931.3 


44.05.12 
77.03.49 


E2/S2 


15872.6 
59931.1 


44.05.13 
77.03.52 


E2/S3 


15872.7 
59931.0 


44.05.13 
77.03.54 


E3/S1 


15871.9 
59931.2 


44.05.18 
77.03.46 


E3/S2 


15872.0 
59931.1 


44.05.18 
77.03.48 


E3/S3 


15872.0 
59930.9 


44.05.20 
77.03.51 


E3/S4 


15872.1 
59930. 7 


44.05.20 
77.03.55 


E3/S5 


15872.7 
59930. 5 


44.05.16 
77.03.63 


E4/S1 


15871.0 
59931.1 


44.05.27 
77.03.41 


E4/S2 


15871.1 
59930.9 


44.05.27 
77.03.45 


E4/S3 


15871.7 
59930.7 


44.05.24 
77.03.53 


E5/S1 


15868.7 
59932.1 


44.05.40 
77.03.09 


E5/S2 


15868.6 
59932.0 


44.05.42 
77.03.10 


E5/S3 


15868.6 
59931.8 


44.05.43 
77.03.14 


W2/S1 


15871.8 
59923.7 


44.05.71 
77.04.69 



Depth Secchi Wet Mass Dry Mass 
(m) (m) (g) (g) 



0.9 



1.25 



1.5 



1.2 



1.25 1.25 



1.75 1.25 



2.0 



2.1 



1.25 



1.3 



1.1 



0.75 



1.0 



2.0 



1.5 



729.3 



1039.6 



1.25 376.2 



neg 



neg 



1.25 294.4 



1.25 410.1 



1.25 149.5 



173.3 



77.4 



389.7 



1.25 353.8 



12.4 

23.1 

12.2 





5.96 



1.25 



27.3 



14.5 



13.1 



7.9 



58.3 



36.7 



1.6 
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Hay Bay (cont'd) 



Transect/Site 


Lor an 
Coordinate 


Latitude/ 
Longitude 


D^th 
Cm) 


Secchi 
(m) 


Wet Mass 

m 


Dry Mass 
(g) 


W3/S1 


15871.4 
59922.9 


44.05.77 
77.04.81 


1.0 


b 


460.5 


- 


W3/S2 


15871.4 
59923.1 


44.05.75 
77.04.78 


2.25 


1.1 


223.3 


- 


Conway 














Transect/Site 


Loran 
Coonjinate 


Latitude/ 
Longitude 


Depth 
(m) 


Secchi 
(m) 


Wet Mass 
(g) 


Dry Mass 

(g) 


Sl/Sl 


15830.1 
59978.5 


44.05.38 
76.52.50 


n.a. 


n.a. 


12 


neg 


S1/S2 


15830.1 
59978.4 


44.05.38 
76.52.52 


n.a. 


n.a. 


591 


- 


SVS3 


15830.1 
59978.4 


44.05.38 
76. 52. 52 


n.a. 


n.a. 


1008 


-. 


S2/S1 


15828.1 
59978.4 


44.05.55 
76.52.38 


n.a. 


n.a. 


2491 


- 


S2/S2 


15828.0 
59978.4 


44.05.56 
76.52.37 


n.a. 


n.a. 


572.2 


- 


S2/S3 


15828.0 
59978.4 


44.05.56 
76.52.37 


n.a. 


n.a. 


626 


- 


S3/S1 


15827.1 
59978.4 


44.05.63 
76.52.31 


1.25 


b 


982.1 


- 


S3/S2 


15827.1 
59978.4 


44.05.63 
76.52.31 


2.25 


1.7 


880.9 


- 


S3/S3 


15827.1 
59978.4 


44.05.63 
76.52.31 


3.85 


1.7 


252.1 


- 


S4/S1 


15826.3 
59978.5 


44.05.69 
76.52.23 


1.75 


1.7 


170.2 


- 


S4/S2 


15826.3 
59978.4 


44.05.69 
76. 52. 25 


2.0 


1.7 


152.9 


- 
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Conway 






Transect/Site 


Loran 
Coordinate 


Latitude/ 
Longitude 


S4/S3 


15826.3 
59978.3 


44.05.70 
76.52.27 


S5/S1 


15824.3 
59979.0 


44.05.81 
76. 52. 01 


S5/S2 


15824.3 
59978.8 


44.05.83 
76.53.04 


S5/S3 


15824.3 
59978.8 


44.05.83 
76.53.04 


Nl/Sl 


15823.3 
59968.7 


44.06.67 
76.53.73 


N1/S2 


15823.3 
59968.7 


44.06.67 
76. 53. 73 


N1/S3 


15823.1 
59968.8 


44.06.68 
76.53.70 


N2/S1 


15821.7 
59969.1 


44.06.77 
76.53.55 


N2/S2 


15821.7 
59969.2 


44.06.76 
76. 53. 53 


N2/S3 


15821.8 
59969.2 


44.06.75 
76.53.54 


N3/S1 


15820.7 
59969.7 


44.06.81 
76.53.37 


N3/S2 


15820.8 
59969.7 


44.06.80 
76.53.38 


N4/S1 


15819.8 
59969.9 


44.06.86 
76.53.28 


N4/S2 


15819.9 
59969.9 


44.06.86 
76.53.28 


N4/S3 


15819.9 
59970.0 


44.06.85 
77.53.27 


N5/S1 


15817.8 
59970.1 


44.07.01 
76.53.10 


N5/S2 


15817.8 
59970.3 


44.07.00 
76.53.07 


N5/S3 


15817.9 
59970.4 


44.06.98 
76.53.06 



Depth Secchi Vfet Mass Dry Mass 
tm) (m) (g) (g) 

3.2 1.7 639.2 



1.35 b 100.4 



2.5 1.7 136.5 



4.2 1.7 659 



2.3 h 406.6 



3.0 2.25 415.3 



4.0 2.25 707.7 



2.2 b 441.1 



3.25 2.25 645.2 



4.4 



2.25 



5.0 



1.5 



2.25 



2.5 



2.25 842.2 



2.75 2.25 709.6 



4.25 2.25 388.4 



393.3 



3.75 2.25 1179.4 



2.25 297.7 



243.4 



1118 



1205 



%J 
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Appendix H. Biorass cf Some Cfcraim aimetged MacrofiytE E^ies in the Bay cf Quinte. 
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Elodea caradensis 


46.2 


56.5 


1.8 


32.6 


32 


rag 


rag 


24.4 


HetEranthera dtbia 


16*7 


16.7 


2B.6 


29.1 


18.1 


33.2 


42.5 


26.4 


^VriL^JyIlun ^ocatLin 


nag 


19.4 


U.l 


rag 


24 


28.1 


217.6 


43.1 


Najas flexilis 


rag 


TSQ 


nag 


25.9 


5.5 


rag 


rag 


5.2 


Najas guartalip=nRi,s 


rag 


1.6 


rag 


8.1 


33.8 


rag 


neg 


5.6 


Ittaitgebcn fw). 


rag 


reg 


rag 


rHj 


rag 


ray 


34.2 


5.7 


VallL«3TRria americ3^ 


64.9 


63.3 


148.1 


24.6 


67.7 


401.3 


JB2.2 


165.4 


2 
lay - < Igti 
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Appendix I. 



1 9 

Analysis of Variance (F-test) and IWo Sample Testing (Student's t-test) 

of Biomass Samples from Parallel Transects for Each of the Survey Sites. 



H ! parallel transects have the same biomass. 



F-test 



Trenton 



Treatment 



df 



Sum of Squares 



Mean Square 



Among transects 
Within transects 



4 

8 



1,825 
10,898.6 



456.3 
1362.3 



F = 456.3/1362.3 = 0.33 
fron the F-table; F^^^^^^ 
Conclusion: accept H 



= 3.8378 



F-test 



Belleville North 



Treatment 



df 



Sum of Squares 



Mean Square 



Among transects I: 

Within transects 29 



19,852.91 
205,403.38 



6,617.63 
7,082.87 



F = 6,617.63/7,082.87 = 0.93 

fron the F-table; F ^^ 3 29 "^ 2.9340 

Conclusion: accept H 



1. The F-test equations used were taken from Huntsberger and Billingsley, 
"Elements of Statistical Inference". 1973. 

2. The Student's t-test equations used were taken from Brower and Zar, 
"Field and Laboratory Methods for General Ecology". 1977. 
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F-test 



Hay Bay East 



Treatmeit 



df 



Amcxig transects 4 

Within transects 49 



Sum of Squares 



165,139.2 
298,873.3 



Mean Square 



41,284.8 
6,099.4 



F - 41,284.8/6,099.4 = 6.76 

from the F-table; P^^^ 4 49 = 2.5252 

Ccaiclusion: reject H 



F-test 



Conway North 



Treatment 



df 



Among transects 4 

Within transects 37 



Sum of Squares 



70,774. 
358,847.6 



Mean Square 

17,693.5 
9, 698. 6 



F = 17,693.5/9,698.6 = 1.82 

from the F-table; F 05 4 37 ~ 2-6060 

Conclusion: accept H 



56 



*- .'VT'vart.,-- n^'-.-i 



F-test 

Treatment 

Among transects 
Within transects 



Conway South 








df Sum of Squares 






Mean Square 


4 16,833.1 






4,208.3 


220 1,019,473.4 






4,634 


F = 4,208.3/4,634 = 0.91 








from the F-table; F ^^ . ^-^ = 


2. 


3719 





Conclusion: accept H 



t-test 







Big Bay 


North 








Tl 




n 


sum 




1206.4 




92 


mean 




134 




30.6 


n 




9 




3 


S3 


80 


,123.6 




404.7 


df 




8 




2 



t = 2.4 



fron the Table of Critical Values 
of Student's t; t^^^ ^^ =2.23 

Conclusion: reject H 



I 
I 
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t-test Belleville South 







T4 




m 


sum 




1522.9 




804.6 


mean 




169.2 




89.4 


n 




9 




9 


^ 


211 


,893.9 


71 


,082.4 


df 




e 




8 



t-test 



1.27 



from the Table of Critical Values 
of Student's t; t^^^ ^g = 2.12 

Conclusion: accept H 







Hay Bay 


Mest 




T2 




T3 


sum 


31.6 




517.9 


mean 


10.5 




86.3 


n 


3 




6 


m 


183.7 




49, 9X 


df 


8 




8 



t = 1.27 

from the Table of Critical Values 
of Student's t; t ok t = 2.36 



Conclusion: accept H 
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Appendix J: List of Submerged Aquatic Plant Species 
Identified During the Study. 



Alisma gramineura 
Bidens beckii 
Ceratophyllum demersum 
Chara braunii 
Elodea canadensis 
Heteranthera dubia 
Lemna trisulca 
Myriophyllum spicatum 
Najas flexilis 
Najas guadalupensis 
Potaraogeton friesii 
Potamogeton pectinatus 
Potamogeton pusillus 
Potamogeton richardsonii 
Ranunculus aquatilus 
Vallisneria americana 
Zannichellia palustris 
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TRENTON NORTH 
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Start 
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End 


I 


15953.7 
59776. 1 


15954.0 
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2 
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15962.9 
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4 
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39779.8 
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59780.6 



^i^ur^a. Jjoca^n of Parallel Transects at the Trentor^orth Site . 
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3 
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Figure 3b. Location of Parallel Transects at the Trenton South Site. 
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'igure 5b. Location of Parallel Transects at the Big Bay South Site 
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Figure 6b. Location of Parallel Transects at the Hay Bay West Site. 
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Figure 7a. Location of Parallel Transects at the Conway North Site 
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Figure 7b. Location of Parallel Transects at the Conway South Site. 
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